Abstract. Anti-CD19 chimeric antigen receptor T cell (CAR-T) therapy has changed the typical outcomes of relapsed/refractory B-cell leukemia and lymphoma. However, treatment effectiveness for patients with relapsed/refractory B-cell non-Hodgkin lymphoma has been less satisfactory compared with patients with B-cell acute lymphoblastic leukemia. The present study described a case of refractory follicular lymphoma. A high expression of programmed cell death 1 (PD-1) was measured on CD3 + T cells (80.90%) in peripheral blood samples obtained from the patient enrolled in this study, indicating that treatment with autologous CAR-T 19 cell therapy may not be successful. Therefore, a therapy regimen consisting of CAR-T 19 cells in combination with a reduced dose of nivolumab (1.5 mg/kg) for PD-1 blockade was used. A low dose of PD-1 blockade therapy was used to reduce the adverse effects associated with the combination of a PD-1 inhibitor and CAR-T 19 cells. This salvage therapy resulted in remission that lasted for >10 months.
Introduction
Although refined chemotherapy, including rituximab (an anti-CD20 monoclonal antibody), and autologous stem cell transplantation have improved the prognosis for B-cell non-Hodgkin lymphoma (B-NHL), patients with refractory B-NHL still have a poor prognosis (1, 2) . Approximately 19-26% of patients with follicular lymphoma (FL) receiving first-line immunochemotherapy with rituximab, cyclophosphamide, doxorubicin, vincristine and prednisone (R-CHOP) experienced progression of disease within 24 months (2) . Chimeric antigen receptor (CAR) T cells are a remedial treatment for these patients. Anti-CD19 CAR T cell (CAR-T 19) therapies have exhibited potent activity against numerous subtypes of B-NHL, including FL (3) . Nivolumab, the human immunoglobulin G4 programmed death-1 (PD-1) immune checkpoint inhibitor antibody with high affinity to PD-1 receptors on T cells, could block their interaction with PD ligands 1 and 2 (PD-L1/PD-L2) and restore T-cell function (4) . A significant association between the expression levels of PD-1 on T cells and the immunosuppression of T cells has previously been reported (5) . A study that focused on the use of Nivolumab in a cohort of 10 patients with relapsed or refractory FL, reported the overall response rate was four patients (40%), and one achieved complete response (6) . Meanwhile, PD-1 inhibitors may lead to an imbalance in immune tolerance and uncontrolled immune response, even fatal myocarditis (7) . The present study describes a patient with successfully treated refractory FL, who received anti-CD19 CAR-T cells combined with decreased dose PD-1 inhibitor regimen.
Case report
A 70-year-old female patient was admitted to the Tianjin First Central Hospital (Tianjin, China) in July 2017, presenting with fever and lower back pain, which had persisted for 10 days. A number of inpatient laboratory tests were performed. A bone marrow biopsy revealed lymphocyte dysplasia, small cell bodies, slightly irregular nuclei and thicker chromatin. The biopsy was fixed for 16-18 h with 10% formaldehyde, which was composed of 90 ml distilled water and 40% formaldehyde 10 ml and incubated for 18-20 h in Richman decalcification solution at room temperature which composed of 8% hydrochloric acid 40 ml and 10% formaldehyde 60 ml and embedded in paraffin. Subsequently, the 3-µm thin sections were cut and incubated with the following blocking reagents: Peroxide Block (ready to use; cat. no. DS9263; Leica Microsystems, Inc.) or EnVsion FLEX Peroxidase-Blocking Reagent (ready to use; cat. no. DM821; Dako; Agilent Technologies, Inc.), at room temperature for 3-5 min. Immunohistochemical staining was performed using commercially available primary antibodies at room temperature for 20-30 min according to the manufacturer's protocol to the following antigens: CD20 (1:100; cat. no. RTU-CD20-7D1-QH; Beijing Xin'ao Medical Technology Co., Ltd.), CD138 (1:100; cat. no. RTU-CD138-QH; Beijing Xin'ao Medical Technology Co., Ltd.), PAX-5 (1:100; cat. no. PM-0111; Shanghai Ruijing Biotechnology Co., Ltd.), CD10 (1:100; cat. no. CRM-0191; Shanghai Ruijing Biotechnology Co., Ltd.) and Bcl-2 (1:100; cat. no. RTU-BCL-2-486-QH; Beijing Xin'ao Medical Technology Co., Ltd.). All antibodies were observed under an Olympus light microscope at x100, x400 and x1,000 magnification. Abnormal lymphocytes were observed in the bone marrow morphology (Fig. 1A-C -detected by flow cytometry in the bone marrow (Fig. 2) . The IgH/BCL2 gene rearrange was 4.8% detected by fluorescence in situ hybridization (FISH), as analyzed by Tianjin Sino-US-Diagnostics Technology Co., Ltd. in bone marrow (Fig. 1D ). MYD88-L265P gene examination was negative, detected by direct sequencing as performed by Tianjin Sino-US-Diagnostics Technology Co., Ltd.) (Fig. 1D ). Positron emission tomography-computed tomography (PET-CT) examination revealed that bone density was not uniform, with partial bone destruction. Additionally, PET-CT revealed that bone metabolism was increased [L3 vertebral body local maximum standardized uptake value (SUVmax), 28.20; bilateral neck, right supraclavicular fossa enlarged lymph node SUVmax, 8 .59] and that the metabolism of a soft tissue mass in the left mesenteric region of lumbar 2-3 disc level was increased (SUVmax, 8.57; Fig. 3A ). The patient was diagnosed with advanced-stage IV FL, and treated with a combination regimen of rituximab, cyclophosphamide, doxorubicin, vincristine and prednisolone (R-CHOP). Following six cycles of R-CHOP treatment, the patient presented with generalized weakness, lower back pain and intermittent abdominal pain. No abnormal phenotype B lymphocytes were observed in the bone marrow at this time. A PET-CT examination revealed that the increased metabolism of the bones and the soft tissue mass in the left mesenteric region was decreased; however, the density of mesenteric lymph nodes at the lumbar 1-5 level was increased (SUVmax, 6.70; Fig. 3B ). PET-CT examination revealed a maximum probability that the mesenteric lymph nodes were new lymphoma lesions. However, the patient had comorbid hypertension and diabetes, and was therefore unable to undergo a further biopsy to confirm this result. In addition, high expression of PD-1 in CD3 + T cells (80.76%) was detected in the peripheral blood samples from this patient by flow cytometry.
The patient was diagnosed as having refractory lymphoma. The Eastern Cooperative Oncology Group Performance Status condition of the patient was 2 points with hypertension and diabetes (8) . Following the initial R-CHOP, the patient was subsequently enrolled in a clinical trial at the Department of Hematology, Tianjin First Center Hospital with autologous anti-CD19 CAR-T cell expressing murine anti-CD19 single chain fragment variable and 4-1BB-CD3ζ costimulatory-activation domains (ChiCTR-ONN-16009862) in Jan 2018. The patient received lymphodepleting chemotherapy with fludarabine (30 mg/m 2 ) and cyclophosphamide (400 mg/m 2 ) daily from day -4 to day -2. Autologous anti-CD19 CAR-T cells were infused (1.3x10 7 cells/kg) on day 0. Because of the high expression of PD-1 in her peripheral blood, a combination of PD-1 blockade therapy and anti-CD19 CAR-T cell treatment was used to improve the efficacy of CAR-T cell therapy and to avoid anti-CD19 CAR-T cell treatment failure for the high expression of PD-1. As PD-1 blockade therapy may result in adverse effects especially for a 70-year-old patient, following the infusion of CAR-T 19 cells, a reduced dose of the PD-1 inhibitor Opdivo ® (Nivolumab; 1.5 mg/kg) was administered on day 1. Other than fever and chills, a slight headache, mild low blood pressure and low blood oxygen, the combination therapy was well tolerated (Table I) . These adverse effects abated after 14 days. No severe adverse effects of the PD-1 inhibitor were observed during the treatment period. The levels of PD-1 expression on T cells were monitored in peripheral blood samples from the patient and PD-1 expression was maintained at <5% over the following 60 days. The patient did not receive Nivolumab infusion in order to avoid adverse effects in the following therapy. The expression levels of PD-1 remained low for 6 months after the salvage treatment and the patient received no further treatment with a PD-1 inhibitor in the next round of therapy.
After 30 days of combined therapy, significant clinical improvement was observed. The weakness and lower back pain gradually abated, and the patient resumed normal activities. A PET-CT examination was conducted and reviewed after 60 days of combined therapy. On the PET-CT scan, the density of mesenteric lymph nodes at the lumbar 1-5 level was decreased compared with that of the previous scan (Fig. 3C) . The patient achieved complete response (CR) after 60 days of the anti-CD19 CAR-T cells combined with reduced-dose PD-1 blockade treatment. Until now, the patient maintained CR for 16 months following the combination therapy.
During treatment, the percentage of anti-CD19 CAR-T cells and the expression of PD-1 on CD3 + T cells in peripheral blood samples were detected by flow cytometry. The anti-CD19 CAR DNA was detected by the quantitative PCR in peripheral blood. DNA was obtained from the peripheral blood of the patient. The mRNA level of CD19 CAR was detected via reverse transcription-quantitative PCR (RT-qPCR) analysis. After 24 or 48 h of co-culture, total RNA was extracted from the cells using TRIzol ® reagent (Invitrogen; Thermo Fisher Scientific, Inc.) as the template for the reactions. cDNA was synthesized with random primers from 10 µl total RNA with the aid of the Revert AidTM First Strand cDNA Synthesis kit (Fermentas; Thermo Fisher Scientific, Inc.). Following the protocol of the manufacturer, RT-qPCR was performed to characterize the mRNA levels of specific genes using Fast SYBR-Green Master Mix (Applied Biosystems; Thermo Fisher Scientific, Inc.) with a Biosystems StepOne Real-Time PCR machine (Applied Biosystems; Thermo Fisher Scientific, Inc). The primer sequences were restricted by company patents and could not be provided. Each PCR reaction was performed in triplicate as follows: In order to prevent any non-specific PCR, amplification and contamination was performed at 50˚C for 2 min. Denaturation was performed at 95˚C for 10 min. Annealing and elongation was performed with 35 cycles at 95˚C for 15 sec and final extension was performed at 60˚C for 1 min. The levels of interleukin-6 (IL-6) in the serum were detected via ELISA, using the one-step sandwich method (Shanghai Renjie Biotechnology Co., Ltd.). Other indicators were measured, including serum ferritin using the chemiluminescence immunoassay method (Beckman Inc.) and C-reactive protein (CRP) using the Latex enhanced immunoturbidimetric method, performed by the Nanjing Jiancheng Bioengineering Institute. The highest percentage of anti-CD19 CAR-T cells among CD3 + T cells was 9.22% on day 7 of combination therapy (day 0 was set as the day of CD19 CAR-T cell infusion). Approximately 90 days after combination therapy, the percentage of anti-CD19 CAR-T cells had decreased to ~0.01% (Fig. 4A) . The highest anti-CD19 CAR DNA copy number was 3,560 copies/µg of DNA on day 7 after combination therapy. Approximately 90 days after therapy, it had decreased to 320 copies/µg of DNA (Fig. 4B) . Notably, the expression of PD-1 in CD3 + T cells was decreased from 80.90% prior to combination therapy, which was 80.76% on day 0 of this therapy, to 0.05% on day 7 following combination therapy. PD-1 expression remained <5% over the following 60 days, and <7% for 180 days following the salvage treatment (Fig. 4C) . The highest level of IL-6 in the serum was 110.2 pg/ml on day 4 of combination therapy. The level of IL-6 in serum had decreased to a normal level, whereas symptoms such as fever and headache had abated on day 14 (Fig. 4D) . Serum ferritin and CRP levels had similar changes to IL-6 ( Fig. 4E and F) . Cytokine release syndrome following treatment with CAR-T 19 cells was grade II (5).
Discussion
B-NHL is the most frequent hematological malignancy. Chemotherapy, anti-CD20 monoclonal antibodies and autologous stem cell transplantation have improved the prognosis of patients with B-NHL in recent decades; however, the prognosis of patients with refractory B-NHL remains poor (9) . Anti-CD19 CAR-T cell therapy may improve remission rates and prolong survival time in patients with relapsed/refractory B-lineage hematological malignancies (10, 11) .
The immunosuppressive PD-1 pathway prevents T cells from entering the tumor area and blocks the effects of T-cell immunotherapy (12, 13) . Although the effects of the PD-1 inhibitor were significant, it requires regular and repeated administration (14) . Anti-CD19 CAR-T cells cultured from PD-1 high expression T cells exhibit decreased anti-tumor immune responses and result in failure of CAR-T cell therapy (15) . According to the beneficial effects of PD-1 inhibitors on the clinical treatment of tumors (16) , PD-1 inhibitors may be able to partially rescue the deterioration of anti-CD19 CAR-T cell function. Anti-CD19 CAR-T cell in combination with PD-1 blockade may overcome the immunosuppressive effects of high PD-1 expression on T cells, thereby improving the therapeutic efficacy in relapsed/refractory B-NHL.
A number of adverse effects are associated with PD-1 blockade, particularly immune-associated adverse events in the respiratory and circulatory systems (17) . The mechanisms underlying these effects remain unclear; however, they may result in mortality. Additionally, the adverse effects of anti-CD19 CAR-T cells, including cytokine release syndrome, must be taken into account (18) . The present study hypothesized that CAR-T 19 cell therapy combined with decreased-dose PD-1 blockade may be effective in treating B-NHL. This combination decreased the adverse effects associated with PD-1 inhibitors and anti-CD19 CAR-T cell, and led to improved therapeutic efficacy.
The present case study demonstrated the therapeutic feasibility of decreased-dose PD-1 inhibitor in combination with CAR-T 19 cells to overcome immunosuppression. A decreased dose of PD-1 inhibitor may decrease its adverse effects, whilst still ensuring efficacy. Future studies are required in order to test the combination of decreased-dose PD-1 inhibitor and CAR-T 19 cells in more patients with refractory lymphoma and high expression of PD-1 in peripheral blood samples. In addition, further studies are required to elucidate the molecular mechanisms underlying this combination therapy and to design a clinical trial to test the efficacy of PD-1 inhibitors combined with CAR-T 19 cells in patients with refractory B-NHL. Table I . Adverse effects following salvage treatment with anti-CD19 CAR-T cell combined with reduced-dose programmed cell death 1 blockade therapy. Other than fever and chills, a slight headache, mild low blood pressure and low blood oxygen, the combined therapy was well tolerated. The adverse effects were abated 14 days after the combined therapy. -, not applicable; N, normal. 22% on day 7 following combination therapy; these cells were almost undetectable on day 90. (B) The highest anti-CD19 CAR DNA copy number was 3,560 copies/µg DNA on day 7 and was decreased to 320 copies on day 90. (C) The expression of PD-1 in CD3 + T cells decreased from 80.76%, detected on the day 0 of the combination therapy, to 0.05% on day 7 and was maintained at a low level. (D) The highest level of IL-6 in the serum was 110.2 pg/ml on day 4 and was decreased to a normal level on day 14. (E) Serum ferritin and (F) C-reactive protein exhibited similar changes to IL-6. PD-1, programmed cell death 1; CAR, chimeric antigen receptor; CAR-T 19, anti-CD19 CAR T cell; CD, cluster of differentiation; IL-6, interleukin-6.
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